Paramagnetic 1H and 13C NMR studies on cobalt-substituted human carbonic anhydrase I carboxymethylated at active site histidine-200: molecular basis for the changes in catalytic properties induced by the modification.
Using bromo[1-13C]acetate to modify N tau of His-200 of human carbonic anhydrase isozyme I leads to the introduction of a useful 13C NMR probe into the active site. To complement our previous diamagnetic NMR studies with this probe, we have now succeeded in directly observing the paramagnetically perturbed resonance of the carboxylate in the cobalt-substituted modified enzyme above pH 8. In the pH range 8-10, the resonance undergoes a pH-dependent slow-exchange process, with the more alkaline form having a much smaller pseudocontact shift and a narrower line width. Below pH 8, the resonance apparently undergoes a very large paramagnetic downfield shift that was estimated by extrapolation. An ionization of approximate pK of 6 appears to control this process. Paramagnetic spin-relaxation studies on the resonance under conditions where it was directly observed yielded distance measurements between the carboxylate carbon and the active site cobalt ion. In inhibitor complexes, this distance was in the range of 5-7 A. In the absence of inhibitors, the distance was approximately 3.0-3.2 A at pH 7.9, consistent with the coordination of the carboxylate to the metal. However, at pH 10, the distance was increased to 4.8 A. These distance determinations were aided by relaxation measurements of a paramagnetically shifted proton resonance at 60-65 ppm downfield assigned by others to a proton of a ligand histidine of metal and confirmed by us to be 5.2 +/- 0.1 A from the metal. Our findings provide a molecular basis for the observed changes in catalytic properties that accompany the carboxymethylation.